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A drive control apparatus and method for a yaw motor of a
wind turbine 1s provided. The drive control apparatus
includes a frequency converter, a fault cut-out contactor, and
a contactor. The frequency converter 1s configured to per-
form drive control on the yaw motor. The fault cut-out
contactor 1s connected in series between the frequency
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ofl 1n a case of a fault 1n the frequency converter, to 1solate
the failed frequency converter. The contactor 1s connected in
parallel with the frequency converter and the fault cut-out
contactor, connected to the yaw motor, and configured to
continue to drive the yaw motor 1 a case that the fault
cut-out contactor 1s switched off. The drive control apparatus
and method can solve problem of low reliability of drive
control of the yaw motor.
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DRIVE CONTROL APPARATUS AND
METHOD FOR YAW MOTOR OF WIND
TURBINE

The present application 1s the national phase of Interna-
tional Application No. PCT/CN2017/090569, titled “DRIVE
CONTROL APPARATUS AND METHOD FOR YAW
MOTOR OF WIND TURBINE”, and filed on Jun. 28, 2017,
which claims the priorty to Chmese Patent Application No.
201611140888 .4, titled “DRIVE CONTROL APPARATUS
AND METHOD FOR YAW MOTOR OF WIND TUR-
BINE”, filed on Dec. 12, 2016 with the State Intellectual
Property Office of the People s Republic of China, which are
incorporated herein by reference 1n their entireties.

TECHNICAL FIELD

The present disclosure relates to the technical field of
wind power, and in particular to a drive control apparatus
and method for a yaw motor of a wind turbine.

BACKGROUND

A yaw system, also called a wind alignment apparatus, 1s
a part of a nacelle of a wind turbine. The yaw system 1s
configured for a fast and steady alignment with a wind
direction 1n a case that a direction of a wind velocity vector
varies, to cause a wind wheel to acquire maximum wind
power.

FI1G. 1 1s a structural diagram of a circuit of a drive control
apparatus for a yaw motor of a wind turbine in a conven-
tional yaw system. Two yaw motors are taken as an example
in the figure, and multiple yaw motors may be controlled
based on requirements 1n practice. A drive control apparatus
for a yaw motor of a wind turbine usually adopts the circuit
structure as shown 1n FIG. 1. The circuit structure includes
a contactor connected to the yaw motor, and a yaw motor
protection switch, for example, a contactor -K1, a contactor
-K2, and a motor protection switch -Q1 1n the figure. In such
circuit structure, common faults such as a damage of main
and auxiliary contacts, a burnt coil, and a failed attraction or
release of an attraction mechanism, are easy to occur. As a
result, there usually will be a fault that while the drive
control apparatus sends an instruction for driving the yaw
motor, the yaw motor does not operate, or a fault that the
yaw motor keeps operating uncontrollably and drives a yaw
mechanism to rotate continuously, which further causes a
cable twisted relative to the yaw mechanism to be broken.

FI1G. 2 1s a structural diagram of a circuit of a drive control
apparatus for a yaw motor of a wind turbine in another
conventional yaw system. Similar to FIG. 1, two yaw motors
are taken as an example 1n FIG. 2, and multiple yaw motors
may be controlled based on requirements in practice. Some
drive control apparatuses for a yaw motor of a wind turbine
adopt the circuit structure in FIG. 2. The circuit structure
includes a soft starter -STR1, a contactor -K3 connected in
parallel with the soft starter -STR1, and parallel-connected
contactors -K1 and -K2 connected 1n series with the parallel-
connected softer starter -STR1 and contactor -K3. The soft
starter has soft start and soft stop functions for control of the
yaw motor. The functions are limited, and auxiliary revers-
ing of the contactor 1s needed to control a forward rotation
and a reverse rotation of the yaw motor as the soft starter
does not have an ability to control the forward rotation the
and reverse rotation of the yaw motor. In addition, a bypass
contactor 1s needed to cut out the soit starter after the soft
starter finishes starting, so as to avoid a problem that the
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solter starter 1s easy to be damaged due to long-term
operation. Therefore, a whole control system 1s complicated,
and has more fault points than the contactor-controlling
mannet.

SUMMARY

A drive control apparatus and method for a yaw motor of
a wind turbine 1s provided according to embodiments of the
present disclosure, which can solve a problem of low
reliability of drive control of the yaw motor of the wind
turbine.

In a first aspect, a drive control apparatus for a yaw motor
of a wind turbine 1s provided, including a frequency con-
verter, a fault cut-out contactor, and a contactor. The fre-
quency converter 1s configured to perform drive control on
the yaw motor. The fault cut-out contactor 1s connected in
series between the frequency converter and the yaw motor,
and 1s configured to be switched off in a case that a fault
occurs 1n the Irequency converter, to isolate the failed
frequency converter. The contactor 1s connected 1n parallel
with the frequency converter and the fault cut-out contactor,
and connected to the yaw motor, and 1s configured to
continue to drive the yaw motor after the fault cut-out
contactor 1s switched ofl. The number of the yaw motor 1s at
least two.

In a second aspect, a drive control method for a yaw motor
of a wind turbine 1s provided, including: monitoring a fault
situation of a frequency converter; in a case that a fault 1n the
frequency converter 1s monitored, controlling a fault cut-out
contactor to be switched ofl to 1solate the failed frequency
converter, or sending a stop instruction directly to the
frequency converter to cause the frequency converter to stop
operating; and sending a control instruction to a contactor, to
continue to perform drive control, via the contactor, on the
yaw motor after the frequency converter stops operating.

In the drnive control apparatus and method for the yaw
motor of the wind turbine according to the embodiments of
the present disclosure, drive control 1s performed on the yaw
motor of the wind turbine via the frequency converter and
the contactor, improving redundancy and reliability of the
drive control of the yaw motor of the wind turbine.

BRIEF DESCRIPTION OF THE

DRAWINGS

In order to illustrate technical solutions 1n embodiments
of the present disclosure more clearly, drawings used in the
description of the embodiments are introduced briefly here-
inafter. Apparently, the drawings described hereinafter
merely 1llustrate some embodiments of the present disclo-
sure, and other drawings may be obtained by those skilled 1n
the art based on these drawings without any creative efforts.

FIG. 1 1s a structural diagram of a circuit of a drive control
apparatus for a yaw motor of a wind turbine 1n a conven-
tional yaw system;

FIG. 2 1s a structural diagram of a circuit of a drive control
apparatus for a yaw motor of a wind turbine i1n another
conventional yaw system:

FIG. 3 1s a structural diagram of a circuit of a drive control
apparatus for a yaw motor of a wind turbine 1n a relatively
new yvaw system;

FIG. 4 1s a block diagram of a drive control apparatus for
a yaw motor of a wind turbine according to an embodiment
of the present disclosure;

FIG. 5 1s a structural diagram of a circuit of a drive control
apparatus for a yaw motor of a wind turbine according to an
embodiment of the present disclosure; and
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FIG. 6 1s a flow chart of a drive control method for a vaw
motor of a wind turbine according to an embodiment of the
present disclosure.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

L1

For a better understanding of the object, technical solu-
tions and advantages of embodiments of the present disclo-
sure, the technical solutions 1n embodiments of the present
disclosure are described clearly and completely hereinafter
in conjunction with the drawings of the embodiments of the
present disclosure. Apparently, the embodiments described
herein are only a few rather than all of the embodiments of
the invention. All other embodiments obtained based on the
embodiments of the present disclosure by those skilled 1n the
art without any creative eflorts fall within the protection
scope of the present disclosure.

Features and exemplary embodiments of the various
aspects ol the present disclosure are described 1n detail
hereinafter. In the following detailed description, numerous
specific details are set forth to provide a thorough under-
standing of the present invention. However, 1t will be
apparent to those skilled in the art that the present invention
may be implemented without some of the specific details.
The following description of the embodiments 1s merely for
providing a better understanding of the present invention by
showing examples of the present invention. The invention 1s
not limited to any of the specific configurations and algo-
rithms set forth hereinafter, but covers any modification,
substitution and improvement of elements, components and
algorithms without departing from the spirit of the mnven-
tion. In the drawings and the following description, well-
known structures and techniques are not shown, to avoid
unnecessarily obscuring of the present invention.

Exemplary embodiments are described in detail with
reference to the drawings. However, exemplary embodi-
ments may be implemented 1n various forms and should not
be construed as limited to the embodiments described
herein. Instead, the embodiments are provided to make the
present disclosure to be more thorough and complete, and to
tully convey concepts of the exemplary embodiments to
those skilled 1n the art. In the drawings, thickness of regions
and layers may be exaggerated for clarity. The same refer-
ence numbers 1n the drawings denote the same or similar
structures, and thus their detailed description will be omit-
ted.

Furthermore, the described features, structures, or fea-
tures may be combined in any suitable manner in one or
more embodiments. In the following description, numerous
specific details are set forth to provide a thorough under-
standing of embodiments of the present disclosure. How-
ever, those skilled in the art will recognize that technical
solutions of the present invention may be implemented
without one or more of the specific details, or, that other
methods, components or materials may be adopted. In other
instances, well-known structures, maternials, or operations
are not shown or described in detail to avoid obscuring of
primary technical mnnovation of the present invention.

It should be noted that in the case of no conflict, the
embodiments of the present disclosure and the features 1n
the embodiments may be combined with each other. The
invention are described 1n detail hereinafter with reference
to the drawings and the embodiments.

Compared with two kinds of drive control apparatuses for
a yaw motor of a wind turbine shown in FIG. 1 and FIG. 2,
FIG. 3 1s a structural diagram of a circuit of a relatively new
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4

drive control apparatus for a yaw motor of a wind turbine.
As shown 1n FIG. 3, the drive control apparatus for the yaw
motor of the wind turbine includes a frequency converter
-VF1 and a yaw motor protection switch -Q1, which are
sequentially connected to the yaw motor, where the fre-
quency converter -VFE1 controls the yaw motor of the wind
turbine independently. Such circuit structure avoids a limi-
tation that a fault 1s easy to occur 1n a contactor-type control
device. However, system redundancy is not suflicient, and a
yaw function of the wind turbine will fail in a case of a fault
in the frequency converter.

It can be seen that, conventional control manners of the
yaw motor of the wind turbine usually have drawbacks such
as low system reliability, incomplete protection function,
shallow function development of {frequency converter,
unreasonable configuration of control parameters, and 1nad-
equate yaw functions. Due to the low reliability and the
inadequate protection function of the conventional drive
control apparatus for the yaw motor of the wind turbine,
once a fault occurs 1n the drive control apparatus, there will
be problems ranging from a machine halt and a loss of power
generation, to a burnt yaw motor and a broken cable. In
situations requiring high reliability, such as offshore wind
turbine, once such faults occur, there will be a great increase
in power loss and maintenance cost. In addition, in a case
that a fault occurs 1n the drive control apparatus for the yaw
motor of the wind turbine under typhoon, a yaw instruction
to take shelter from wind for safety can not be performed,
resulting 1n more serious damage to the wind turbine.

In view that the drnive control apparatuses for the yaw
motor of the wind turbine shown m FIG. 1 to FIG. 3 have
one or more drawbacks mentioned above, a drive control
apparatus and method for a yaw motor of a wind turbine 1s
provided according to embodiments of the present disclo-
sure.

FIG. 4 15 a block diagram of a drive control apparatus for
a yaw motor of a wind turbine according to an embodiment
of the present disclosure. As shown in FIG. 4, the drive
control apparatus 400 for the yaw motor of the wind turbine
includes a frequency converter 410, a fault cut-out contactor
420, and a contactor 430. The frequency converter 410 1s
configured to perform drive control on the yaw motor. The
fault cut-out contactor 420 1s connected 1n series between
the frequency converter 410 and the yaw motor, and 1s
configured to be switched off 1n a case that a fault occurs 1n
the frequency converter 410, to 1solate the failed frequency
converter 410 from the yaw motor. The contactor 430 1is
connected 1n parallel with the frequency converter 410 and
the fault cut-out contactor 420, and connected to the yaw
motor, and 1s configured to continue to drive the yaw motor
alter the fault cut-out contactor 420 1s switched ofl. By
applying the frequency converter 410 and the contactor 430
to perform drive control on the yaw motor of the wind
turbine, redundancy and reliability of drive control of the
yaw motor of the wind turbine are improved.

FIG. § 1s a structural diagram of a circuit of a drive control
apparatus for a yaw motor of a wind turbine according to an
embodiment of the present disclosure. As shown 1n FIG. 5,
the drive control apparatus for the yaw motor of the wind
turbine includes a fault cut-out contactor -K4 and a fre-
quency converter -VEF1 which are sequentially connected 1n
series with yaw motors -M1 and -M2, and includes contac-
tors -K1 and -K2 which are connected 1n parallel with the
series-connected fault cut-out contactor -K4 and frequency
converter -VFE1.

It should be noted that FIG. 5 only shows a situation of
two yaw motors, and three, four or more yaw motors may be
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included 1n different wind turbines. However, adding of yaw
motors does not require more contactors to control the vaw
motors, and still two contactors -K1 and -K2 are needed to
control a forward rotation and a reverse rotation of the yaw
motors, respectively. 5
In a case that a fault occurs 1n the frequency converter
-VF1, the failed frequency converter -VF1 1s 1solated via the
tault cut-out contactor -K4. That 1s, the frequency converter
-VF1 1s 1solated from the yaw motors -M1 and -M2, and the
contactors K1 and K2 are used to control the forward 10
rotation and the reverse rotation of the yaw motors -M1 and
-M2, respectively.

In some examples, the frequency converter -VF1 may
include a normally closed contact. In a case of a fault occurs
in the frequency converter -VF1, the normally closed contact 15
switches from a close state to an open state. A close/open
state signal of the normally closed contact of the frequency
converter -VF1 1s sent to a controller of the control apparatus
of the yaw motor of the wind turbine. The controller 1s, for
example, a PLC, may serve as an auxiliary controller 20
arranged 1n a main control system of the wind turbine, and
also may be arranged separately from the main control
system and keep communication with the main control
system. Specifically, in a case that the normally closed
contact of the frequency converter -VF1 1s 1n the close state 25
(1.e., the frequency converter -VF1 operates normally), the
frequency converter -VF1 receives an instruction of forward
rotation, reverse rotation instruction or stop, from the con-
troller, and then controls the yaw motors -M1 and -M2 to
rotate forward, rotate reversely, or stop. In a case that the 30
normally closed contact of the frequency converter -VF1
switches from the close state to the open state (i.e., a fault
occurs 1n the frequency converter -VF1), the forward rota-
tion and the reverse rotation of the yaw motors -M1 and -M2
are respectively controlled by the contactors K1 and K2, and 35
the contactors K1 and K2 receive an instruction of drive or
stop from the controller, and then control the yaw motors to
rotate forward, rotate reversely, or stop. Since the contactors
K and K2 are spare control elements of the yaw motors -M1
and -M2, redundancy of the drive control of the vaw motor 40
of the wind turbine 1s improved.

In some examples, the drive control apparatus for the vaw
motor of the wind turbine according to the embodiment of
the present disclosure may further include reactors arranged
at two terminals of the frequency converter. For example, 45
reactors L1 and L2 are respectively arranged at incoming
line and outgoing line locations of the frequency converter
-VF1, and are configured to protect the frequency converter
-VF1, the yaw motors and a cable. Due to the addition of the
reactors L1 and L2 at the two terminals of the frequency 50
converter -VF1 and the fault cut-out contactor K4, the drive
control apparatus for the yaw motor of the wind turbine can
ellectively prevent a fault in the frequency converter caused
by poor quality of an incoming power supply, an impact
damage from the frequency converter on the cable and the 55
yaw motor, and a situation that the frequency converter 1s
burnt due to an 1nverse power transmission ol an output
terminal of the frequency converter.

In some examples, the drive control apparatus for the yaw
motor of the wind turbine according to the embodiment of 60
the present disclosure may further include a cable twisting
contactor. The cable twisting contactor 1s connected 1n series
between a power supply and a parallel-connection node of
the contactor and the frequency converter, and 1s configured
to stop or trip 1n a case that a fault occurs 1n the drive control 65
apparatus or the yaw motor. For example, the cable twisting
contactor -K3 1s arranged at an upstream location of the

6

frequency converter -VF1 and the contactors K1 and K2,
which 1s close to a power supply entrance -A-B-C, and may
serve as a redundant control device of a dynamic control
circuit of the yaw motors -M1 and -M2. In a case that the
control circuit of the yaw motors of the frequency converter
-VF1 and the contactors K1 and K2 1s out of control, the
cable twisting contactor can cut ofl all power supplies of the
yaw motors, including a fault point out of control.

In some examples, the drive control apparatus for the yaw
motor of the wind turbine according to the embodiment of
the present disclosure may further include a cable twisting
switch. The cable twisting switch 1s connected to the cable
twisting contactor. The cable twisting switch 1s configured to
detect an extreme location of yawing of the yaw motor, and
send, 1n a case that 1t 1s detected that the yaw motor yaws to
the extreme location, a fault signal to the cable twisting
contactor to trigger the cable twisting contactor to stop or
trip.

In some examples, the cable twisting switch may be
arranged 1n a cam structure formed by a yaw gear ring, to
cause a cam to trigger the cable twisting switch 1n a case that
the yaw motor yaws to the extreme location. For example,
the cable twisting switch may be a sensor detecting the
extreme location of the yawing of the yaw motor, and may
be arranged near a large yaw gear ring. A set of transmission
mechanism 1s driven via a small gear engaged with the large
yaw gear ring, to conduct a yaw motion mnto a cam motion
that can trigger switching action of an mner contact of the
cable twisting switch. A rotational angle of the cam 1s tuned,
to cause the cam to trigger the switching action of the inner
contact of the cable twisting switch 1n a case that the yawing
of the yaw motor 1s at the extreme location.

In some examples, the cable twisting switch may adopt a
multi-contact trigger structure, and may be provided with
normally closed contacts. The cable twisting switch sends,
in a case that any contact of the cable twisting switch 1s
open, a fault signal to the cable twisting contactor to trigger
the cable twisting contactor to stop or trip. For example, to
ensure that the cable twisting switch outputs the fault signal
reliably, the cable twisting switch may apply a double-
contact structure, and the contacts may be normally closed
contacts, so as to prevent problems of line disconnection and
virtual connection.

In some examples, the drive control apparatus for the yaw
motor of the wind turbine according to the embodiment of
the present disclosure may further include a safety relay. The
salety relay 1s connected in series between the cable twisting
switch and the cable twisting contactor, and 1s configured to
stop or trip, alter receiving the fault signal sent by the cable
twisting switch, to disconnect a power supply circuit of the
cable twisting contactor, so as to trigger the cable twisting
contactor to stop or trip. For example, a close/open state
signal of the cable twisting switch may be transmitted to the
safety relay. In a case that any normally closed contact of the
cable twisting switch switches from the close state to the
open state, 1t 1s represented that the yaw motor 1s at the
extreme location, and the safety relay may perform a stop or
trip action and disconnect the power supply circuit of the
cable twisting contactor, to cause the cable twisting contac-
tor to stop or trip, thereby protecting the cable twisted by a
yaw mechanism.

In some examples, the drive control apparatus for the yaw
motor of the wind turbine according to the embodiment of
the present disclosure may send an extreme yawing warning
to an operator and remind a maintainer to check and repair
a fault of uncontrolled yaw, after the cable twisting contactor
stops or trips.
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In some examples, the drive control apparatus for the vaw
motor of the wind turbine according to the embodiment of
the present disclosure may further include a thermal relay.
The thermal relay 1s connected 1n series with the yaw motor,
and 1s configured to be switched off, 1n a case that a fault of
overload or missing phase occurs in the yaw motor, and send
a fault signal. That 1s, the thermal relay has functions of
overload protection and missing phase protection for the
yaw motor. For example, thermal relays -F1 and -F2 1n FIG.
5 may include normally closed contacts, where the normally
closed contacts switch from a close state to an open state 1n
a case that the thermal relays -F1 and -F2 detect overload or
missing phase of the yaw motor. In an example, a close/open
state signal of the normally closed contacts of the thermal
relays -F1 and -F2 may be uploaded to the controller. In a
case that the normally closed contacts of the thermal relay
-F1 and -F2 switches from the close state to the opens state,
it 1s represented that there 1s a fault of overload or missing
phase 1 the connected yaw motor -M1 or -M2, and the
controller may send a stop or trip 1nstruction to the -VF1 or
the contactors K1 and K2, so as to protect the yaw motor. For
example, the controller may further send a fault warning of
overload or missing phase in the yaw motor to an operator
after sending the stop or trip instruction to the frequency
converter or the contactors, and remind a maintainer to
check and repair the yaw motor.

In some examples, windings of the yaw motor may be
connected to the drive control apparatus of the yaw motor 1n
star connection or delta connection. For example, the wind-
ings of the yaw motor may be connected to the drive control
apparatus of the yaw motor 1n star connection, so that the
thermal relay provides more reliable overload protection and
missing phase protection.

In some examples, the drive control apparatus for the yaw
motor of the wind turbine according to the embodiment of
the present disclosure may further include a yaw motor
protection switch. The yaw motor protection switch 1s
configured to detect a current 1n a control circuit of the yaw
motor, and configured to be switched off in a case that
anomaly of the detected current occurs, and send a fault
signal. For example, in FIG. 5, the yaw motor protection
switch Q1 1s arranged at a top of a main incoming line, and
has functions of overload protection and overcurrent pro-
tection.

In some examples, the yaw motor protection switch Q1
may 1nclude a normally closed contact. The normally closed
contact switches from a close state to an open state, in a case
that the yaw motor protection switch Q1 trips due to
detection of an overcurrent (for example, a situation of a
rapid increasing current caused by a short circuit) or an
overload 1n a main circuit. For example, a close/open state
signal of the yaw motor protection switch Q1 may be
uploaded to the controller. In a case that the yaw motor
protection switch switches from the close state to the open
state, 1t 1s represented that there 1s a fault of short circuit or
overload 1n a main circuit between the yaw motor protection
switch Q1 and the yaw motors -M1 and -M2, and the
controller may send a fault warning to an operator that the
yaw motor protection switch Q1 trips, and remind a main-
tainer to check and repair the main circuit.

In some examples, the drive control apparatus for the yaw
motor of the wind turbine according to the embodiment of
the present disclosure may further include a yaw motor
temperature protection switch. The yaw motor temperature
protection switch 1s configured to detect a winding tempera-
ture of the yaw motor, and send a fault signal 1n a case that
the detected winding temperature of the yaw motor 1s greater
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than a preset temperature. In some embodiments, the yaw
motor temperature protection switch may be arranged 1n the
yaw motor. The yaw motor temperature protection switch
may include a normally closed contact, and the normally
closed contact switches from a closed state to an open state
in a case that the yaw motor temperature protection switch
detects that the winding temperature of the yaw motor
exceeds limitation. A close/open signal of the normally
closed contact of the yaw motor temperature protection
switch may be sent to the controller. In a case that the
normally closed contact of the yaw motor temperature
protection switch switches from the close state to the open
state, 1t 1s represented that the winding temperature of the
yaw motor exceeds the limitation, and the controller may
send a stop or trip 1nstruction to the frequency converter or
the contactor, so as to protect the yaw motor. For example,
the controller may further send a warming of high winding
temperature of the yaw motor to an operator, and remind a
maintainer to check and repair the yaw motor.

FIG. 6 1s a flow chart of a drive control method for a yaw
motor of a wind turbine according to an embodiment of the
present disclosure. The drive control method for the yaw
motor of the wind turbine 1s applied to the controller of the
above drive control apparatus for the yaw motor of the wind
turbine.

As shown 1n FIG. 6, the drive control method for the yaw
motor of the wind turbine according to the embodiment of
the present disclosure may include steps S610 to S630. In
S610, a fault situation of a frequency converter 1s monitored.
In S620, in a case that a fault 1n the frequency converter 1s
monitored, a fault cut-out contactor 1s controlled to be
switched off to 1solate the failed frequency converter from
the yaw motor, or a stop instruction 1s directly sent to the
frequency converter to cause the frequency converter to stop
operating. In S630, a control instruction 1s sent to a contac-
tor, to continue to perform drive control, via the contactor,
on the yaw motor after the frequency converter stops oper-
ating.

For example, 1n a case that a normally closed contact of
the frequency converter switches from a close state to an
open state, 1t 1s represented that there 1s a fault in the
frequency converter, the fault cut-out contactor may be
controlled to be switched off to 1solate the failed frequency
converter from the yaw motor, and an instruction of forward
rotation, reverse rotation or stop may be sent to the fre-
quency converter, to control the yaw motor to rotate for-
ward, rotate reversely, or stop. In a case that a fault occurs
in the frequency converter, the forward rotation and the
reverse rotation of the yaw motor are respectively controlled
by the contactor, and the contactor receives a drive or stop
instruction to control the yaw motor to rotate forward, rotate
reversely, or stop. Since the contactor can continue to control
the yaw motor 1n a case of a fault 1n the frequency converter,
redundancy of drive control of the yaw motor of the wind
turbine 1s 1improved.

In some examples, the drive control method for the yaw
motor of the wind turbine according to the embodiment of
the present disclosure may further include: detecting a fault
situation of the yaw motor, and controlling a cable twisting
contactor to stop or trip 1n a case that a fault occurs 1n the
drive control apparatus or the yaw motor.

In some examples, the drive control method for the yaw
motor of the wind turbine according to an embodiment of the
present disclosure may further include: detecting a yaw time
of the yaw motor, and determining that there 1s a fault 1n the
yaw motor 1n a case that the yaw time 1s greater than a preset
value. For example, the preset value may be set based on a
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maximum permitted yaw time. Timing starts as the drive
control of the yaw motor 1s started, and the cable twisting
contactor 1s controlled to stop or trip 1n a case of detection
ol time out of a yaw action, so as to protect a cable twisted
by a yaw mechanism.

In some examples, the drive control method for the yaw
motor of the wind turbine according to the embodiment of
the present disclosure may further include: receiving a fault
signal sent by a thermal relay and/or a yaw motor tempera-
ture protection switch; and sending a stop operation signal to
the frequency converter or the contactor to cause the yaw
motor to stop operation, 1n a case that the fault signal sent
by the thermal relay and/or the yaw motor temperature
protection switch 1s received.

In some examples, the drive control method for the vaw
motor of the wind turbine according to the embodiment of
the present disclosure may further include: receiving a fault
signal sent by a yaw motor protection switch. In some
embodiments, the drive control method for the yaw motor of
the wind turbine according to the embodiment of the present
disclosure may further include: sending a warning signal, 1n
a case that 1t 1s determined that there 1s a fault in the yaw
motor or the drive control apparatus. For example, a warning,
of yaw time out may be further sent to an operator, to remind
a maintainer to check and repair a fault of yaw time out.

In some examples, the drive control method for the vaw
motor of the wind turbine according to the embodiment of
the present disclosure may further include: receiving one or
more signals of the wind turbine: a tower-top load signal, a
whole body vibration signal, and a yaw mechanical noise
signal; and comparing the one or more signals respectively
with a preset value, and regulating a rotational speed of the
yaw motor based on a comparison result. For example,
output of a rotational speed of the frequency converter 1s set
to be three levels, which are a high speed, a normal speed,
and a low speed, respectively, and thus a yaw speed 1is
regulated to meet a current load requirement.

In some examples, the drive control method for the yaw
motor of the wind turbine according to the embodiment of
the present disclosure may further include: receiving a
current signal outputted by a tower-top load sensor, a whole
body vibration sensor, or a yaw mechanical noise sensor.
Multiple predetermined values, such as a large value, a
normal value and a small value, may be set for each signal.
For example, 1n a case that a characteristic quantity, such as
a current value, corresponding to any signal 1s greater than
a predetermined value denoting the large value, a control
instruction may be sent to the yaw motor, and the yaw motor
1s controlled to operate at a low speed via the frequency
converter, where the specific speed may be determined by
wind turbine load simulation software. In a case that current
values corresponding to all the signals are smaller than a
predetermined value denoting the small value, a control
instruction may be sent to the yaw motor, and the yaw motor
1s controlled to operate at a high speed. For example, the
high speed 1s a high speed permitted by safe operation of the
wind turbine. In a case that the current values corresponding
to all the signals are between the predetermined value
denoting the large value and the predetermined value denot-
ing the small value, a control mstruction may be sent to the
yaw motor, and the yaw motor 1s controlled to operate at a
normal speed. Generally, the signals outputted by the tower-
top load sensor, the whole body vibration sensor, and the
yaw mechanical noise sensor are different, and the signals
may be represented by a same characteristic quantity, such
as a current value or a voltage value. With the above drive
control method, functions and utilization rate of the fre-
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quency converter are increased, and yaw control functions
are also enriched, avoiding waste of frequency converter
resources.

Those skilled in the art can appreciate that units and
algorithm steps of each example described 1n conjunction
with the embodiments disclosed herein may be implemented
by electronic hardware, computer software, or a combina-
tion of the two. To clearly describe interchangeability of
hardware and software, composition and steps of the each
example are generally described 1n terms of functions 1n the
above description. Whether the functions are implemented
by hardware or software depends on specific application and
design constraints of technical solutions. Those skilled in the
art may adopts a different method to the described functions
for each particular application, and such implementation
should not be considered as beyond the scope of the present
invention.

It should be understood that the disclosed system, device
and method according to the embodiments of the present
disclosure may be implemented 1n other ways. For example,
the device embodiments described above are illustrative
only. For example, the units are divided merely 1n logical
function, which may be divided in another way 1n actual
implementation. For example, multiple units or components
may be combined or integrated into another system, or some
features may be 1gnored or not performed. In addition, the
disclosed or discussed mutual coupling or direct coupling or
communication connection may be an indirect coupling or
communication connection through some interfaces, devices
or units, which may be implemented in electronic, mechani-
cal or other forms.

The foregoing descriptions are merely embodiments of
the invention, and the protection scope of the invention 1s
not limited thereto. Variations or substitutions made by those
skilled 1n the art without departing from the technical scope
of the present disclosure shall fall within the protection

scope of the invention. Therefore, the protection scope of the
invention shall be defined by the appended claims.

The mvention claimed 1s:

1. A drive control apparatus for a yaw motor of a wind
turbine, comprising:

a Irequency converter, configured to perform drive control

on the yaw motor;

a fault cut-out contactor, connected 1n series between the
frequency converter and the yaw motor, and configured
to be switched ofl in a case that a fault occurs 1n the
frequency converter to 1solate the failed frequency
converter;

a contactor, connected 1n parallel with the frequency
converter and the fault cut-out contactor, connected to
the yaw motor, and configured to continue to drive the
yaw motor after the fault cut-out contactor 1s switched

off; and

a cable twisting contactor, connected in series between a
power supply and a parallel-connection node of the
contactor and the frequency converter, and configured
to stop or trip 1n a case that a fault occurs 1n the drive
control apparatus or the yaw motor;

wherein the number of the yaw motor 1s at least two.

2. The drnive control apparatus for the yaw motor of the
wind turbine according to claim 1, further comprising a
cable twisting switch, wherein the cable twisting switch 1s
connected to the cable twisting contactor, and 1s configured
to detect an extreme location of yawing of the yaw motor,

and send, 1n a case that 1t 1s detected that the yaw motor yaws
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to the extreme location, a fault signal to the cable twisting
contactor to trigger the cable twisting contactor to stop or
trip.

3. The dnive control apparatus for the yaw motor of the
wind turbine according to claim 2, wherein the cable twist-
ing switch 1s arranged 1n a cam structure formed by a yaw
gear ring, to cause a cam to trigger the cable twisting switch
in a case that the yaw motor yaws to the extreme location.

4. The drive control apparatus for the yaw motor of the

wind turbine according to claim 3, wherein the cable twist- 10

ing switch adopts a multi-contact trigger structure and 1is
provided with normally closed contacts, and the cable twist-
ing switch sends, in a case that any contact of the cable
twisting switch 1s open, a fault signal to the cable twisting
contactor to trigger the cable twisting contactor to stop or
trip.

5. The drive control apparatus for the yaw motor of the
wind turbine according to claim 4, further comprising a
safety relay, wherein the safety relay 1s connected in series
between the cable twisting switch and the cable twisting
contactor, and 1s configured to stop or trip, aiter receiving the
tault signal sent by the cable twisting switch, to disconnect
a power supply circuit of the cable twisting contactor, so as
to trigger the cable twisting contactor to stop or trip.

6. The drive control apparatus for the yaw motor of the
wind turbine according to claim 3, further comprising a
safety relay, wherein the safety relay 1s connected 1n series
between the cable twisting switch and the cable twisting
contactor, and 1s configured to stop or trip, after recerving the
fault signal sent by the cable twisting switch, to disconnect
a power supply circuit of the cable twisting contactor, so as
to trigger the cable twisting contactor to stop or trip.

7. The drive control apparatus for the yaw motor of the
wind turbine according to claim 2, further comprising a
safety relay, wherein the safety relay 1s connected in series
between the cable twisting switch and the cable twisting
contactor, and 1s configured to stop or trip, aiter receiving the
tault signal sent by the cable twisting switch, to disconnect
a power supply circuit of the cable twisting contactor, so as
to trigger the cable twisting contactor to stop or trip.

8. The drive control apparatus for the yaw motor of the
wind turbine according to claim 1, further comprising a
safety relay, wherein the safety relay 1s connected 1n series
between the cable twisting switch and the cable twisting
contactor, and 1s configured to stop or trip, alter receiving the
fault signal sent by the cable twisting switch, to disconnect
a power supply circuit of the cable twisting contactor, so as
to trigger the cable twisting contactor to stop or trip.

9. The drive control apparatus for the yaw motor of the
wind turbine according to claim 1, further comprising a
thermal relay, wherein the thermal relay 1s connected in
series with the yaw motor, and 1s configured to be switched
ofl, 1n a case that a fault of overload or missing phase occurs
in the yaw motor, and send a fault signal.

10. The drive control apparatus for the yaw motor of the
wind turbine according to claim 1, further comprising a vaw
motor protection switch, wherein the yaw motor protection
switch 1s configured to detect a current in a control circuit of
the yaw motor, and configured to be switched off 1n a case
that anomaly of the detected current occurs, and send a fault
signal.

11. The drive control apparatus for the yaw motor of the
wind turbine according to claim 1, further comprising a yaw
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motor temperature protection switch, configured to detect a
winding temperature of the yaw motor, and send a fault
signal 1n a case that the detected winding temperature of the
yaw motor 1s greater than a preset temperature.

12. The drive control apparatus for the yaw motor of the
wind turbine according to claim 1, further comprising reac-
tors arranged at two terminals of the frequency converter.

13. A method performed by the drive control apparatus
according to claim 1, the method comprising;:

monitoring a fault situation of the frequency converter;

controlling the fault cut-out contactor to be switched off
to 1solate the failed frequency converter or sending a
stop 1nstruction directly to the frequency converter to
cause the frequency converter to stop operating, 1n a
case that a fault 1n the frequency converter 1s moni-
tored; and

sending a control mstruction to the contactor, to continue
to perform drive control, via the contactor, on the yaw
motor aiter the frequency converter stops operating.

14. The dnive control method for the yaw motor of the
wind turbine according to claim 13, further comprising:

detecting a fault situation of the yaw motor, and control-
ling the cable twisting contactor to stop or trip in a case
that a fault occurs in the drive control apparatus or the
yaw motor.

15. The dnive control method for the yaw motor of the
wind turbine according to claim 14, wherein detecting the
fault situation of the yaw motor, and controlling the cable
twisting contactor to stop or trip 1n a case that a fault occurs
in the drive control apparatus or the yaw motor further
COmprises:

detecting a yaw time of the yaw motor, and determining
that a fault occurs in the yaw motor in a case that the
yaw time 1s greater than a preset value, wherein detect-
ing the yaw time comprises detecting a time duration 1n
which drive control 1s performed on the yaw motor.

16. The drive control method for the yaw motor of the
wind turbine according to claim 13, further comprising:

recerving a fault signal sent by a thermal relay and/or a
yaw motor temperature protection switch; and

sending a stop operation signal to the frequency converter
or the contactor to cause the yaw motor to stop opera-
tion, 1n a case that the fault signal sent by the thermal
relay and/or the yaw motor temperature protection
switch 1s received.

17. The drive control method for the yaw motor of the
wind turbine according to claim 13, further comprising:

recerving a fault signal sent by a yaw motor protection
switch.

18. The drive control method for the yaw motor of the
wind turbine according to claim 13, further comprising:

receiving one or more signals of the wind turbine: a
tower-top load signal, a whole body vibration signal,
and a yaw mechanical noise signal; and

comparing the one or more signals respectively with a
preset value, and regulating a rotational speed of the
yaw motor based on a comparison result.
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